INTRODUCTION
It has long been realized that the ratio of direct to reverberant sound energy (D/R) varies systematically with distance in reverberant environments (Békésy, 1938) . Unlike level cues to distance, D/R is not confounded with the acoustic power of the sound source (Zahorik and Wightman, 2001) . It is therefore considered to be a primary distance cue (Mershon et al., 1989) , and can provide absolute distance information (Mershon and King, 1975; Mershon and Bowers, 1979) . Particularly unsatisfying about this account, however, is that there is no evidence of D/R being coded directly in the auditory system. For this reason, other correlates to D/R have been explored psychophysically, including spectral variance (Jetzt, 1979) , interaural correlation (Bronkhorst and Houtgast, 1999; Bronkhorst, 2001; Larsen et al., 2008) , spectral centroid (Larsen et al., 2008) , and temporal cues (Zahorik, 2002b) . Here, following recent work by Kim and colleagues (Kim et al., 2014) , we add amplitude modulation (AM) depth to this list of potential D/R correlates (see Fig. 1 ). It is a particularly appealing correlate, given the prevalence of AM sounds in natural environments, and the known acoustical transformations imposed by those environments on AM reaching the ears.
RESULTS
Created: 28-APR-2014 
METHODS

Subjects
Ten subjects (7 female, 3 male) participated in the experiment. All had audiolometrically-verified normal hearing (pure tone, air-conductive thresholds ≤ 25 dB HL from 125 to 8000 Hz). Subject age ranged from 18 to 27.3 years (median age: 21.1 years). Subjects received course credit for participation in the experiment. All procedures involving human subjects were approved by the University of Louisville Institutional Review Board.
Stimuli and Procedure
Listeners were presented with sounds at different simulated source distances and asked to estimate the egocentric distance of each sound, using methods broadly similar to those described in . Virtual auditory space techniques were used to simulate sound field listening to sources at distances ranging from 0.35 to 5.6 m. The simulations were based on techniques described in previous work (Zahorik, 2009) , and used non-individualized head-related transfer functions measured from a fixed distance of 1.4 m in anechoic space. Because of this, the near-field binaural cues to distance were unavailable. Two types of sound fields were simulated: anechoic and reverberant (room volume: 500 m 3 , approx. broadband T 60 = 3 s). As shown in Fig. 2 , the ratio of direct to reverberant sound energy varied systematically with distances in the reverberant environment, and therefore was likely a primary acoustic cue to source distance. The source incidence angle was 90-degrees to the listener's right, at ear level.
The source signal was a 1-octave band of noise, centered at 4 kHz, 2 s in duration (500 ms rise/fall raised-cosine gate). In certain conditions, this signal was sinusoidally amplitude modulated (100% modulation depth) at a frequency of 32 Hz. This frequency was chosen because room reverberation is known to cause significant attenuation to amplitude modulation at this frequency and above (Houtgast and Steeneken, 1985; Zahorik et al., 2011; Zahorik et al., 2012) . Fig. 3 demonstrates how AM depth (gain) varies systematically with distance in the reverberant environment, but not in anechoic space.
In order to limit listener's use of level cues in performing the distance estimation tasks, two types of level controls were implemented. First, level was equalized for distance by adjusting the gain of the simulated source in order to compensate for the 6 dB loss per distance doubling observed in anechoic space. Second, level was randomly varied (roved) over ±6 dB from trial to trial in the experiment. Listeners were also explicitly instructed to ignore any loudness differences between trials. Testing was conducted both monaurally (ipsilateral ear) and binaurally. Listeners provided 10 estimates for each target distance (presentation order randomized). 
